aircraft scene, and is today another promising material for building small aircrafts. EPP is 23 very light weight, easy to handle and has good properties in terms of absorbing kinetic 24 impacts while retaining its original shape. Moreover, the material is similar to the expanded 25 polystyrene (EPS) used for radiosonde boxes, hence the knowledge to craft and handling this 26 material already exists. 27
For fixed wings, different shapes and airfoils are available to best suit our application in terms 28 of flying distance and payload storage. In our case the airframe profile needs to be kept as 29 narrow as possible to not disturb the scientific measurements. However, there are other 30 difficulties which need to be addressed when operating an aircraft at high altitudes. The 31 material used need to withstand low temperatures in the stratosphere and large and rapid 32
Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -35, 2016 Manuscript under review for journal Atmos. Meas. Tech. which is made out of two Styrofoam boxes that allow maximum storage space for the 24 radiosonde, batteries, the release mechanism and the navigation control devices. The boxes 25 are glued on top of each other and designed for radiosonde application to withstand extreme 26 cold temperatures even under high airflow when flying back. 27
The scientific instruments, in this case the short and longwave radiation sensors, are 28 integrated into the left and right wing. The instrument body has the same height as the 29 thickness of the wing, therefore only the instrument domes protrude and all cables and 30 connectors are inside the wing, which is connected to the radiosonde in the payload section. 31
Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -35, 2016 In the front of the middle section a parachute is embedded into a Styrofoam half sphere. The 4 parachute is used for the landing and also serves as emergency recovery system if the 5 autopilot detects any malfunction. The total weight of a fully equipped return glider 6 radiosonde with batteries and radiation instruments is under 2 kg and is within the limits of 7 standard balloon born payloads. The current glider could be equipped with heavier payloads 8 up to a takeoff weight limit of 5 kg. 9 10
Scientific instruments 11
As mentioned above, the motivation to build the return glider radiosonde was to measure 12 solar and infrared radiation profiles. In 2011 first experiments were made with a CNR4 net 13 radiometer from Kipp & Zone, which consists of an upward and downward pyranometer to 14 measure shortwave radiation as well as an upward and downward pyrgeometer for the long 15 
Radiosonde 31
Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -35, 2016 Manuscript under review for journal Atmos. Meas. Tech. The RGR is equipped with a Meteolabor radiosonde, which is similar to the SRS-C34 used 1 for routine operation at the MeteoSwiss aerological station at Payerne. Only minor 2 modifications were needed to adapt the radiosonde to measure ten additional channels from 3 the short-and longwave radiation devices. During the flight, air temperature, humidity, 4 pressure and wind components and all radiation values are transmitted once per second to the 5 ground station. Temperature measurements are made with thermocouples, which have a 6 diameter of only 50 µm and respond very quickly to temperature changes. Humidity 7 measurements are made with a capacitive polymer sensor whereas pressure and wind 8 components are determined from GPS positions. Additional information from the RGRs flight 9
controller are also transmitted to monitor vital steps during the flight. There is currently no 10 uplink to the glider, hence all flight configurations are made prior to launch and no remote 11 control over the glider is possible.
The navigation algorithm relies on a space-based navigation system to determine its location 23 above Earth's surface. The most common navigation system is called Global Positioning 24
System (GPS) and was developed by the U.S. Department of Defense. It is in service since 25 1995 and can achieve a horizontal accuracy of up to 3 m. Since the beginning of 2011 a 26 second Russian system called Global Navigation Satellite System (GLONASS) is running, 27 which is also available for public use like the GPS. 28
The newest generation of GPS/GLONASS receivers from the Swiss company μBlox are 29 installed in the RGR. Different receivers from various companies were tested on regular 30 radiosondes. The μBlox was chosen because the altitude limit is 50'000 m above sea level, 31
Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 Discuss., doi:10.5194/amt- -35, 2016 Manuscript under review for journal Atmos. Meas. Tech. A balloon rupture at any given altitude is another concern and hence special attentions needs 22 to be paid during preparation of the balloon. The balloon burst can be detected by the RGRs 23 autopilot and leads to an immediate activation of the release mechanism to separate from the 24 strings and remaining balloon parts. On the other hand if the ascent rate is too low, or for any 25 reason the balloon cannot reach the preprogrammed altitude, the autopilot releases the balloon 26 after a preset maximum time of flight. All steps conducted by the autopilot are reported to the 27 ground station. 28 29 7
RGR test flights 30
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Test flight in Payerne 23
To stay within the limits set by FOCA a calm night in terms of wind speed was required for a 24 first test flight in Payerne. The RGR was set to release the balloon at 2200 m above sea level 25 and then return to the grassland next to the aerological station. After an 8 minute ascend the 26 RGR released the balloon and after a short flight of less than one minute the landing 27 coordinates were reached 1 km above ground, where the RGR started to circle down. Only 15 28 minutes after the balloon start the RGR landed safely with the parachute on the grassland. which allows performing flights even during higher wind speeds than the limit of the RGR. 27
Important is also the timing of the release from the balloon, such that the RGR is initially 28 pointing in the right direction where it has to fly to. Hence, the potential flying distance is 29 dependent on many variables and can be optimized, but may not always allow to fly back to 30 the launch station. 31
Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 Discuss., doi:10.5194/amt- -35, 2016 Manuscript under review for journal Atmos. Meas. Tech. Once the RGR reached the desired landing coordinates, it circles down and releases the 23 parachute 100 m above ground to safely land. Due to the weight distribution, the parachute is 24 stored in the front of the glider inside a Styrofoam case, which for releasing is not an optimal 25 place due to the fast forward flight. Therefore, once the string closing the capsule is released, 26 a spring inside the case and a special flight path helps to eject the parachute. The parachute 27 reliably opens within a second as soon it is dragged along the aircraft, and the descent speed is 28 slow enough to not damage the RGR. The parachute landing is very convenient since during 29 nighttime operation manual landing would be difficult. Additionally, in case of an emergency 30 Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 Discuss., doi:10.5194/amt- -35, 2016 Manuscript under review for journal Atmos. Meas. Tech. There is presently also much interest in using dew/frost point humidity sensors to study water 28 vapor in the UTLS, and air-core sensors to measure gas profiles through the atmosphere. 29
Dew/frost point hygrometers are valuable instruments and air-cores need quickest possible 30
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